, c 6.7932(4) Å, ␤ 94.985(2)°, V 3907.3(4) Å 3 , Z = 4] was solved by direct methods and refined to R1 = 0.049 (wR2 = 0.101) on the basis of 4317 unique observed reflections using a crystal twinned on (001). The twinning causes overlap of the reflections with l = 3n. The structure is based upon complex double sheets of UrO 5 pentagonal bipyramids and Mo polyhedra. The double sheets are parallel to (100) (3)O 4 tetrahedron located between the sheets. The MoO 4 tetrahedra share two corners with two MoO 6 octahedra of the sheet above and two corners with MoO 6 octahedra from the sheet below, so that Mo 5 O 20 pentanuclear clusters are formed. The uranyl molybdate sheets found in the structure have not been previously observed in uranyl minerals and inorganic compounds. The Ag(2), Ag(3), Ag(6), Ag(7), and Ag(8) atoms are located within the double sheets, whereas the Ag(1), Ag(4), and Ag(5) are in between the double sheets.
INTRODUCTION
Uranyl molybdates of monovalent cations show remarkable structural variability. Recently, Krivovichev & Burns (2002a) reported the synthesis and crystal structure of the first silver uranyl molybdate, Ag 6 [(UO 2 ) 3 O(MoO 4 ) 5 ]: that compound is based upon a unique sheet consisting of triuranyl clusters (UO 2 ) 3 O and MoO 4 tetrahedra. Compared to known alkali metal, ammonium and thallium uranyl molybdates (Krivovichev & Burns 2001a , b, 2002b , c, d, 2003a , b, Krivovichev et al. 2002a , b, 2003 , Obbade et al. 2003a , and references therein), the structure of Ag 6 [(UO 2 ) 3 O(MoO 4 ) 5 ] is quite unusual as a consequence of the (Ibers & Hamilton 1974) . The Bruker SHELXTL Version 5 system of programs was used for the determination and refinement of the structure. Initial attempts to solve the structure in the monoclinic system space, group C2/c, were unsuccessful. The positions of U and Mo atoms were located by direct methods, but large residual electron-density peaks were invariably present around the positions of the heavy cation. Lowering the symmetry to space group C1 did not improve the situation. We concluded that the crystals are twinned on (001), and inspection of the reciprocal space showed that reflections with l = 3n overlap (Fig. 1) . This twinning can be described as being pseudo-merohedral, with the l = 3n reflections overlapped. Such twinning cannot be taken into account by simple application of the TWIN instruction in the current or previous versions of the SHELXTL system of programs. Thus, reflections with l = 3n and l ≠ 3n were placed in separate datasets. The structure was easily solved in the space group C2/c using only reflections with l ≠ 3n. The structure was refined to R1 = 0.047 on the basis of 2878 unique observed reflections with l ≠ 3n. The largest peak on the difference Fourier map was 4.80 e -. The model was further refined using all reflections to R1 of 0.056 on the basis of 4317 unique observed reflections. This model resulted in nine large peaks (5.0-12.5 e -) in the difference-Fourier maps, close to the positions of the U, Mo and Ag atoms. The scale factors for the datasets with l = 3n and l ≠ 3n were subsequently refined, and all data were adjusted to the same scale factor by multiplying F 2 hkl by 0.8354 for the reflections with l = 3n, i.e., reflections for which overlap in the reciprocal space has been observed (Fig. 1) . The modified dataset was used in the final refinement that included the positional parameters of all atoms with an allowance for anisotropic displacement of cations, and a weighting scheme of the structure factors.
The refinement of anisotropic parameters of anions resulted in physically unrealistic parameters for some of the O atoms, most likely due to the effects of twinning: the reciprocal lattices of the two twin components do not completely overlap in reciprocal space, and their separation cannot be achieved perfectly. On the basis of the structure refinement, the chemical formula of the compound was determined to be Ag 10 [(UO 2 ) 8 
X-ray data collection
A small crystal of Ag 10 [(UO 2 ) 8 O 8 (Mo 5 O 20 )] was mounted on a Bruker three-circle diffractometer equipped with a SMART APEX CCD (charge-coupled device) detector with a crystal-to-detector distance of 4.67 cm. More than a hemisphere of data was collected using monochromated MoK␣ X-radiation and framewidths of 0.3° in . The unit-cell dimensions (Table 1) were refined using least-squares techniques. The threedimensional data were reduced and filtered for statistical outliers using the Bruker program SAINT. The data were corrected for Lorentz, polarization and background effects. An empirical absorption-correction was done for the crystal by modeling it as an ellipsoid, which lowered R int from 9.6 to 4.4%. Additional information pertinent to the data collection is given in Table 1 .
Structure solutions and refinements
Scattering curves for neutral atoms, together with anomalous-dispersion corrections, were taken from International Tables for X-Ray Crystallography, Vol. IV
RESULTS

Cation polyhedra
There are four symmetrically independent U 6+ cations in the structure, each of which is strongly bonded to (Krivovichev & Burns 2000a , b, 2002b . The Mo(3) atom is tetrahedrally coordinated by four O atoms with a <Mo(3)-O> bond of 1.73 Å.
There are eight symmetrically independent Ag sites in the structure, of which Ag(5) and Ag(8) are partially occupied. The Ag(4), Ag(5), and Ag(8) atoms are coordinated by six anions each, whereas the Ag(1), Ag(2), Ag(3), Ag(6), and Ag (7) Burns et al. (1996) . Legend: U polyhedra are yellow, Mo polyhedra are green. 
Bond-valence analysis
The bond-valence sums for the atoms in the structures were calculated using parameters given by Burns et al. (1997) for U 6+ -O bonds and by Brown (2002) for Ag + -O and Mo 6+ -O bonds. The calculated bond-valence sums for hexavalent cations are 5. 98, 5.92, 6.01, 5.91, 6.35, 6 .05, and 6.54 vu (valence units) for U(1), U(2), U(3), U(4), Mo(1), Mo(2), and Mo(3), respectively. The bond-valence sums for Ag atoms are in the range of 0.61-1.05 vu (the lowest bond-valence sums correspond to partially occupied Ag sites). The bondvalence sums for the O atoms are in the range of 1.61-2.26 vu.
Description of the structure
The structure of Ag 10 [(UO 2 ) 8 O 8 (Mo 5 O 20 )] (Fig. 2) contains complex double sheets of UrO 5 pentagonal bipyramids and Mo polyhedra. The double sheets are parallel to (100) and consist of two sheets of composition [(UO 2 ) 2 O 2 (MoO 5 )] that contain UrO 5 bipyramids and MoO 6 octahedra (Fig. 3a) . Within these sheets, UrO 5 bipyramids share equatorial edges, resulting in complex chains parallel to the c axis. The chains are linked by a sharing of edges and vertices with pairs of edge-sharing MoO 6 octahedra.
The anion-topology of the [(UO 2 ) 2 O 2 (MoO 5 )] sheet, derived using method of Burns et al. (1996) , is depicted in Figure 3b . It consists of pentagons, squares and triangles. The pentagons and squares are populated by U and Mo atoms, respectively, whereas triangles are empty. This sheet is novel in uranyl minerals and inorganic compounds. (Fig. 4a) . The MoO 4 tetrahedron shares two corners with two MoO 6 octahedra in the sheet above, and two with MoO 6 octahedra of the sheet below. Thus four MoO 6 octahedra and a MoO 4 tetrahedron form pentanuclear clusters of composition Mo 5 O 20 , as shown in Figures 4b and 4c . The structure can be described as based upon chains of edge-sharing UrO 5 pentagonal bipyramids that are joined into double sheets by linkages to Mo 5 O 20 clusters.
The Ag(2), Ag(3), Ag(6), Ag (7), and Ag(8) atoms are located within the double sheets, whereas the Ag(1), Ag(4), and Ag (5) are located in between the double sheets (Fig. 2) . Miller et al. (1996) introduced the concept of aniontopologies, in the description of sheets, as stacking sequences of one-dimensional chains of polygons, and this approach was extended by Burns (1999) . This approach is advantageous because it provides a means to compare complex topologies, as only a small number of chain types is required to construct topologies that differ mainly in the sequences of the chains. The novel anion-topology in the structure of Ag 10 [(UO 2 ) 8 O 8 (Mo 5 O 20 )] can also be described as stacking sequence of chains of polygons (Fig. 5) . Construction of the anion topology requires the previously known P, D, and U chains , and T R and T L chains that are introduced here for the first time. The P chains are chains of edge-sharing pentagons, whereas D and U chains are based upon edge-sharing pentagons and triangles with two possible orientations, either up (U) or down (D). The new T R and T L chains consist of cornersharing squares and triangles with two possible orientations, either right (R) or left (L) (Fig. 5) (Obbade et al. 2003b) . The close relationships between these structures demonstrate similarity of uranyl tungstates and uranyl molybdates with octahedral coordination of hexavalent cations.
DISCUSSION
